1. Background {#sec73135}
=============

Worldwide, more than 500 million patients with chronic hepatitis B virus infection are at risk of developing liver cirrhosis or hepatocellular carcinoma (HCC) ([@A22072R1]). This is a serious health problem. Romania is one of the South-Eastern European countries with a high prevalence of chronic hepatitis B virus (HBV) infection as 5.59% in 2010, and a larger number of HBsAg positive people ([@A22072R2]). Development of chronic HBV infection is dependent on the age of HBV exposure. It is estimated that 15-40% of chronic hepatitis B patients would progress to cirrhosis and HCC ([@A22072R2]). The reasons why some patients with chronic HBV infection progress to HCC are under debates. Host factors such as immune response to HBV, genetic predisposition to HCC development, high HBV replication rates, as well as certain mutations within the HBV genome have been related to HCC development. A dual mutation in the basal core promoter (BCP) region of the HBV genome involving an A--T substitution at nucleotide 1762 and a G--A substitution at nucleotide 1764 has been associated with HCC development. Moreover, a mutation in the precore (PC) region of the HBV genome involving a G--A substitution at nucleotide 1896 has been described in HBeAg-negative patients. However, the role of these mutations in HCC pathogenesis is not well established ([@A22072R3]). The PC region mutations prevent the production of hepatitis B e antigen (HBeAg) by introducing a premature stop codon into the open reading frame of the precore region. Another common mutation is a double mutation in BCP region (A1762T/G1764A), which aborts the transcription of precore mRNA, but does not seriously affect the viral pregenome RNA, resulting in a decrease of HBeAg expression up to 70% and enhanced viral genome replication. Although the frequencies of precore and BCP mutations vary between HBV genotypes, they are associated with fulminant hepatitis B and hepatocellular carcinoma, in quite a few cases ([@A22072R4]). The level of circulating viremia is a risk factor for development of cirrhosis and HCC, and is used to diagnose hepatitis B infection and define response to antiviral therapy. Since chronic hepatitis, cirrhosis and HCC have been found in patients with low serum HBV DNA-levels, the current cutoff value of 20.000 IU/mL is still debatable. Further understanding of virological characteristics in patients with low HBV-DNA levels would be helpful for clinical decisions in management of patients with low circulating viremia. Many studies have demonstrated that HBV genotype, precore and BCP mutations have a substantial impact on progression of chronic hepatitis B toward HCC ([@A22072R4]). Currently, ten genotypes of HBV (A-J) have been identified, based upon a divergence of 8% or more across the entire nucleotide sequence ([@A22072R4], [@A22072R5]). Sequence differences between HBV genotypes can lead to structural differences at the level of pregenome and can lead to important differences at the translational level when specific and common mutations occur ([@A22072R6], [@A22072R7]).

2. Objectives {#sec73136}
=============

It is of great interest to study Romanian HBV variants, to investigate the precore-core promoter mutations to have a personalized viral diagnosis, for a better response to therapy and clinical outcome. In addition, to sequence HBV genome of nonresponders Romanian patients to antiviral therapy to see if there is a link between HBV mutations and lack of both, biochemical and virological responses in these patients. Another aspect of interest is HCC onset within chronic hepatitis B long carrier status. No research has been performed in our country on chronic HBV--HCC Romanian patients. Therefore, it would be important to sequence HBV-DNA from HBV chronic carriers, HBV chronic carriers coinfected with HDV, HCC patients\' tissue and serum samples to investigate mutations in the core promoter region of the HBV genome.

3. Patients and Methods {#sec73143}
=======================

3.1. Selection of Patients {#sec73137}
--------------------------

This cross-sectional investigation was performed in Fundeni Clinical Institute, Bucharest, Romania during January 2005 and August 2010. HBsAg positive patients with chronic HBV infection admitted to Fundeni Clinical Institute were randomly enrolled in the study. We assessed 484 positive patients. Randomly, we obtained the following patient diagnosis status: 375 HBV chronic carriers, 94 HCC and 15 HBV chronic carriers coinfected with HDV. All HBV chronic carriers and all HBV chronic carriers coinfected with HDV were detected by serum analysis. Nonetheless, regarding HCC patients, the first 73 were described by tissue HBV sequencing and the last 21 by serum analysis. Diagnosis of HCC was confirmed by biopsy of the mass lesion in the liver, and by typical computed tomography or magnetic resonance imaging findings for HCC. Informed consent was obtained from all patients. Patient privacy was respected over the testing and analyzing data. The Ethics Committee of the Fundeni Clinical Institute, Bucharest, Romania approved the study (2010.08.30). All data remained confidential.

3.2. Laboratory Tests {#sec73141}
---------------------

### 3.2.1. Serological Markers {#sec73138}

For indirect diagnosis, sera obtained for all patients were tested for HBsAg and HbeAg and anti-HBs, anti-HBe and total anti-HBc antibodies using automated Architect i2000SR (Abbott) by chemiluminescence. For anti-HDV antibodies, we used a competitive ELISA method (Medical Biological Service, Italy).

### 3.2.2. HBV DNA Quantification {#sec73139}

HBV-DNA was quantified by a real-time polymerase chain reaction assay in the linear range from 10^2^ to 10^11^ copies/mL using COBAS TaqMan HBV test (Roche).

### 3.2.3. HBV Sequencing {#sec73140}

Detection of BCP mutations, PC mutations and HBV genotypes was performed using Revers Hybridization Line Probe Assays-INNO-LiPA HBV DR v2 and INNO-LiPA HBV precore-core (Innogenetics, Ghent. Belgium). For all patients, we performed HBV sequencing: for 73 HCC patients tissue HBV sequencing, 21 HCC patients serum HBV-sequencing and for chronic patients serum sequencing. In chronic patients, viral DNA was obtained from sera. For 73 HBV associated HCC patients, tumor tissue samples were obtained and analyzed.

3.3. Statistical Analysis Tools {#sec73142}
-------------------------------

Pearson χ2 test was used to verify the independence of two discrete variables in contingency tables. To compare the distribution of serum DNA HBV for considered factors (diagnosis, HBV genotype and mutation) we used a univariate General Linear Model and One-way ANOVA test with Tamhane test. In testing and graph representation, we used natural logarithm of serum DNA-HBV instead of genuine variable.

4. Results {#sec73144}
==========

We detected two genotypes of A and D in our study population, as follows: A (i.e. patient has only genotype A), D (i.e. patient has only genotype D), A+D (i.e. patient has both genotypes A and D, higher concentration of genotype D). The decreasing order of HBV genotypes prevalence was D, A+D, A. In our sample, the prevalence rates were 60.5%, 31.4% and 8.1% for D, A+D and A, respectively. The differences were significant (P \< 0.001 for χ^2^ Pearson Test; see last column of [Table 1](#tbl18599){ref-type="table"}).

HBV genotype and diagnosis were dependent variables (P \< 0.001 for Pearson χ^2^ test). The minimum value of the prevalence of genotype D reached 54.4% for chronic carriers, which was significantly smaller than other diagnoses (P \< 0.050 for χ^2^ Pearson Test). Conversely, for chronic carriers the genotype combination A+D had the highest prevalence (37.6%, compared to about 10%, for other diagnoses). While, the prevalence of genotype A was not significantly dependent on diagnosis ([Table 1](#tbl18599){ref-type="table"}). In 152 patients we detected both genotypes A and D, with a higher prevalence in chronic carriers (141 patients, 37.6%), followed by HCC-tissue sample HBV sequencing group (7 patients, 9.6%), HCC-serum HBV sequencing group (3 patients, 14.6%) and chronic carriers with HDV coinfection (one patient, 6.7%). HBV genotype and diagnosis were dependent (P \< 0.001 for Pearson χ^2^ test). Definitely, distribution of HBV genotype for chronic carriers was significantly different from the distribution of HCC-tissue HBV sequencing (P \< 0.001 for Pearson χ^2^ test) and chronic carriers + HDV (P = 0.012 for Pearson χ^2^ test). To be more specific, the prevalence of A+D was 37.6% for chronic carriers, but significantly smaller for HCC-tissue HBV sequencing (9.6%) and chronic carriers + HDV (6.7%). Conversely, D prevalence was higher for HCC-tissue HBV sequencing (82.2%) and chronic carriers + HDV (93.3%), compared to chronic carriers (54.4%) (see [Table 1](#tbl18599){ref-type="table"}).

###### Virologic Characteristics of Hepatitis B Virus Chronic Carriers and Patients With Hepatocellular Carcinoma^[a](#fn15680){ref-type="table-fn"},[b](#fn15681){ref-type="table-fn"}^

                                        Chronic carriers n = 375   HCC-tissue HBV sequencing n = 73   HCC-serum HBV sequencing n = 21   Chronic carriers + HDVn = 15   Total n = 484
  ------------------------------------- -------------------------- ---------------------------------- --------------------------------- ------------------------------ ---------------
  **Male**                              196 (52.27)                38 (52.05)                         12 (57.14)                        9 (60)                         
  **Age**                               40.7 ± 15.4                51.4 ± 17.2                        52.3 ± 18.6                       46.1 ± 13.9                    
  **HBV genotype Frequency**                                                                                                                                           
  A                                     30 (8.0)                   6 (8.2)                            3 (14.3)                          0 (0.0)                        39 (8.1)
  D                                     204 (54.4)                 60 (82.2)                          15 (71.4)                         14 (93.3)                      293 (60.5)
  A+D                                   141 (37.6)                 7 (9.6)                            3 (14.3)                          1 (6.7)                        152 (31.4)
  **Mutation Core/Precore Frequency**                                                                                                                                  
  WT                                    240 (64.0)                 4 (5.5)                            2 (9.5)                           0 (0.0)                        246 (50.8)
  BCP A1762T,G1764A                     45 (12.0)                  14 (19.2)                          2 (9.5)                           1 (6.7)                        62 (12.8)
  PC G1896A                             44 (11.7)                  0 (0.0)                            14 (66.7)                         11 (73.3)                      69 (14.3)
  BCP A1762T,G1764A PC G1896A           46 (12.3)                  55 (75.3)                          3 (14.3)                          3 (20.0)                       107 (22.1)
  **DNA HBV**                                                                                                                                                          
  Ln, IU/mL                             10.49 ± 3.45               16.15 ± 1.69                       13.47 ± 1.22                      14.70 ± 2.05                   11.61 ± 3.79

^a^ Abbreviations: HCC, hepatocellular carcinoma; HBV, Hepatitis B Virus; HDV, Hepatitis D Virus; WT, Wild Type; BCP, Basal core promoter.

^b^ Data are presented as Mean ± SD or No. (%).

We next analyzed the presence of BCP and PC mutations (see last column of [Table 1](#tbl18599){ref-type="table"}). BCP mutations were reported for 34.9% (12.8% + 22.1%) of patients and PC mutations for 36.4% (14.3% + 22.1%). BCP and PC mutations were dependent (P \< 0.001 for χ^2^ Pearson Test of independence). Definitely, patients having both or non-BCP and PC mutations were 22.1% and 50.8%, respectively (higher than expected based on the hypothesis of independence). Distribution of BCP and PC mutations were significantly linked to the viral diagnosis, excepting HCC-serum HBV sequencing and chronic carriers + HDV, which seem to have the same distribution of mutations (To be more specific, see [Table 1](#tbl18599){ref-type="table"}).

1.  WT was mainly associated with chronic carriers (64% of patients had WT);

2.  BCP A1762T, G1764A and PC G1896A were significantly associated with HCC-tissue HBV sequencing (75.3%);

3.  PC G1896A was mainly associated with HCC-serum HBV sequencing and chronic carriers + HDV (66.7% and respectively 73.3% of patients had PC G1896A).

We had 39 patients with genotype A, 293 patients with genotype D and 152 with genotypes A+D. Patients with genotype A had mainly WT sequence (21 patients, 53.8%). BCP mutation was detected in 12 patients (30.8%), both BCP and PC mutation in six patients (15.4%) and no PC mutation alone (See [Table 2](#tbl18600){ref-type="table"}).

Distribution of BCP and PC mutations were significantly linked to genotypes (P \< 0.001 for χ^2^ Pearson Test of independence). Indeed, see [Table 2](#tbl18600){ref-type="table"}.

1.  A+D genotypes combination was mainly associated with WT (80.9% of patients with A+D had WT);

2.  D genotype was mainly associated with presence of PC G1896A (50.1% from D-patients present PC G1896A or BCP A1762T, G1764A-PC G1896);

3.  A genotype was mainly associated with presence of WT and BCP (the occurrence percentages were 53.8% and 30.8%, respectively).

###### Mutation Characteristics of Hepatitis B Virus^[a](#fn15682){ref-type="table-fn"},[b](#fn15683){ref-type="table-fn"}^

  Mutation                     WT n = 246                                      BCP A1762T,G1764A n = 62   PC G1896A n = 69   BCP A1762T,G1764A PC G1896A n = 107   Total n = 484
  ---------------------------- ----------------------------------------------- -------------------------- ------------------ ------------------------------------- ---------------
  **HBV genotype Frequency**                                                                                                                                       
  A                            21 (53.8)^[c](#fn15684){ref-type="table-fn"}^   12 (30.8)                  0 (0.0)            6 (15.4)                              39 (100)
  D                            102 (34.8)                                      44 (15.0)                  64 (21.8)          83 (28.3)                             293 (100)
  A+D                          123 (80.9)                                      6 (3.9)                    5 (3.3)            18 (11.8)                             152 (100)
                                                                                                                                                                   
  **DNA HBV**                                                                                                                                                      
  Ln, IU/mL                    8.99 ± 3.06                                     14.44 ± 1.99               12.75 ± 1.83       15.23 ± 2.16                          11.61 ± 3.79

^a^ Abbreviations: WT, Wild Type; BCP, Basal core promoter; HBV, hepatitis B virus

^b^ Data are presented as mean ± SD or No. (%).

^c^ Cells are frequencies. From a total of 39 patients with genotype A, 21 (namely 53.8%) had WT sequence.
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One hundred and two patients (34.8%) with genotype D had WT sequence, 44 (15.0%) had BCP mutation only, 64 (21.8%) had PC mutation only and 83 (28.3%) had both BCP and PC mutations. WT sequence was mainly associated with genotype A+D (123 patients, 80.9%). Analysis of variance was performed to study the dependence of the level of HBV DNA by factors genotype, diagnosis and mutation. We used the GLM Univariate procedure UNIANOVA of SPSS, which is able to consider both balanced and unbalanced models (our model was unbalanced and we lost test power). Using this GLM procedure, interactions between our factors were not significant but the effects of each individual factor were significant (for each factor F test had P \< 0.001). Hence, we authorized to use post hoc One-way ANOVA procedure for each factor (we would apply Tamhane test). The mean serum HBV DNA values for the HCC-tissue HBV sequencing patients were significantly higher compared to chronic carriers (16.14 vs. 10.49; P \< 0.001 for Tamhane test; see ([Table 1](#tbl18599){ref-type="table"}). Furthermore, HBV DNA values for the HCC-serum HBV sequencing group were lower than the HCC-tissue sequencing group (16.14 vs. 13.47, P = 0.004; see [Table 1](#tbl18599){ref-type="table"}). Genotypes A+D was associated with lower mean of serum HBV DNA compared to genotypes D and A (8.89 vs. 12.82 and 13.01; [Figure 1](#fig13985){ref-type="fig"}). The mean and median of serum HBV DNA were practically equal for Genotypes D and A, but significantly higher compared to A+D (P \< 0.001). We detected significantly higher level of HBV DNA in serum of patients with both BCP A1762T/G1764A , PC G1896A mutation (15.23) and BCP A1762T/G1764A mutations (14.44) compared to patients with PC G1896A mutation alone (12.75) and patients with WT sequence (8.99); P \< 0.001. Characteristics of chronic carriers were smallest DNA-HBV, predominance of WT and important percent of D presence, but also an important percent of A+D presence. Characteristics of chronic carriers + VHD were high level of DNA-HBV, predominance of PC G1896A mutation and highest percent of genotype D presence. HCC characteristics were high level of DNA-HBV and high percent of D presence. As it concerns mutations, there was an important difference between serum and tissue sequencing. Indeed, for serum sequencing PC G1896A was predominant, while for tissue sequencing BCP A1762T/G1764A and PC G1896A were predominant.

5. Discussion {#sec73145}
=============

We aimed to investigate genotype and mutations in core promoter region of HBV genome in Romanian HBV clinical infected patients with chronic HBV hepatitis and HCC patients, for a better understanding of the presence of HBV genotypes and BCP/PC mutations in this population. This paper was important because such a study has not been conducted in Romania. HBV genotyping was not performed in Romania in a group of patients of this size. This study helps to understand the evolution of HBV in patients with hepatitis B and provides information about HBV genotypes and mutations. Previous studies have shown that patients infected with HBV genotype A had a higher sustained response to interferon therapy compared to HBV genotype D. Genotype D was predominant in Romania and previous studies have shown that patients with hepatitis B genotype D respond well to treatment with nucleoside analogue reverse transcriptase inhibitor ([@A22072R8], [@A22072R9]). Our study showed that knowing the genotype could be useful to predict the outcome of antiviral therapy in patients with chronic hepatitis B, but further studies are required to include a more rigorous selection of patients. Recent studies have shown a link between the presence of BCP/PC mutations and hepatitis B-related acute-on-chronic liver failure. Patients infected with genotype B and both mutations BCP/PC are more prone to hepatitis B-related acute-on-chronic liver failure and have a fatal outcome ([@A22072R10]). In HCC patients from Asia and Africa, basal core mutations were detected. In Asia and the Pacific Ocean, BCP A1762T and G1764A mutations were more common. Precore mutations are common in the Mediterranean region and Romania is located close to this region. Genotype C is prevalent in Asia and the Pacific. Genotype D shows frequently precore mutations and is prevalent in the Mediterranean region and Southern Europe ([@A22072R11]). In patients with HCC in Romania, we detected both core and precore mutations in tissue samples. Genotype D presents both BCP and PC mutations (28.3%) more frequently compared to the mutation presenting PC only (21.8%), in Romanian patients according to our study. The genotype D was detected in 60.5% of our HBV patients, and we observed that genotype D was associated with both BCP and PC mutations. Previous studies indicated that high circulating HBV DNA levels are predictive of liver disease progression. Moreover, studies have recently reported that elevated HBV DNA levels in patients with cirrhosis increase the probability of mortality from non-HCC-related liver complications than low HBV DNA values ([@A22072R12]). High-circulating HBV DNA levels were predictive of HCC development ([@A22072R4], [@A22072R13], [@A22072R14]).

In the present study, 60.53% of chronic carriers had an HBV DNA level of ≤ 10^5^ IU/mL. However, only three patients from 73 with HCC had HBV DNA level ≤ 10^5^ IU/mL. In chronic B hepatitis patients with negative HBeAg was described in the PC region the mutation G1896A ([@A22072R4]). These patients have continuous synthesize of HBV DNA at sufficient levels to cause constant liver damage with progression to cirrhosis ([@A22072R15]-[@A22072R17]). Patients with HBV load ≥ 10^5^ IU/mL and infected with BCP and PC mutations have an increased risk of developing HCC, compared to those infected with WT. Detecting HBV viremia level is a criterion to assess infection risk progression to cirrhosis and HCC, and is used to detect patients requiring antiviral therapy to evaluate response to treatment and emergence of resistant mutants ([@A22072R11]). Our study found differences between tissue and serum samples sequencing for HCC patients. Both BCP and PC mutations were detected in the tissue samples (75.3%), and only PC mutation in the serum samples of our HCC patients (66.7%), suggesting that BCP/PC mutant or hepatocytes harboring this mutant may be under immune selection and that such mutations may facilitate integration and tumor development. The presence of precore escape mutants should be considered in individuals who exhibit HBeAg negativity, HBsAg positivity, anti-HBe positivity, HBV DNA positivity, and elevated serum aminotransferase levels. However, precore variant is not uniformly pathogenic; thus, co-mutations or host factors presumably explain more virulent forms of precore mutant-associated disease ([@A22072R18], [@A22072R19]). Another common HBeAg variant is the core promoter mutant, characterized by point mutations in the promoter of both HBeAg mRNA and core protein mRNA. Core promoter mutants express less HBeAg through transcriptional downregulation. The most frequent core promoter mutation is the double A1762T and G1764A nucleotide exchange, which results in a substantial decrease in HBeAg expression but enhanced viral genome replication. Reduction of HBeAg expression is apparently mediated by reduced precore RNA transcription; whereas, the mechanism of enhanced replication is unclear. These virologic properties lead to enhanced pathogenicity of core promoter mutants in vivo. Enhanced replication capacity and reduced virion secretion may increase viral load in the liver, which triggers liver damage directly or indirectly through the immune response. Massive liver damage during acute infection leads to fulminant hepatitis. Damage during chronic infection increases hepatocyte turnover, induces fibrosis, and increases the chance of hepatocellular transformation and malignancy ([@A22072R20]-[@A22072R22]). Our study limitations were lack of long-term follow-up of subjects and liver biopsies were not performed in chronic carriers, a single baseline measurement for HBV DNA in chronic carriers and HCC patients. Fluctuations in serum HBV DNA occur especially during the exacerbation phases of the disease. Although some mutations statistically associated with HCC were found in this study, further studies are necessary to see whether these mutations predict the development of HCC in those who carry the mutation but do not yet have the associated disease. Future studies should also consider other viral mutations and the genetic makeup of the host. Association of core promoter mutations and liver cancer is also controversial; carefully conducted epidemiologic studies are needed to demonstrate a link between core promoter mutations and hepatocellular carcinogenesis ([@A22072R23], [@A22072R24]).

In summary, genotype D was the main genotype detected in Romanian patients with chronic HBV and is associated with BCP A1762T/G1764A mutation, followed by the PC G1896A mutation and high HBV DNA load, suggesting an association between BCP mutations, high viral DNA load and hepatocarcinogenesis, consistent with previous reports. In our HCC-tissue HBV sequencing group we detected an increased number of both BCP and PC mutations, correlated with a high value of HBV DNA.
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